As an increasing number of professional organizations offer website sections devoted to patient education, there is increasing apprehension that some information may be either incorrect or inaccurate. 8 The Internet has the potential to eliminate barriers to accessing information for patients, but only if online material can be read and understood by users with various levels of medical sophistication. 16, 21 When assessing the quality of information from a certain source, availability and accuracy are two factors that are frequently used.
Previous studies have focused on evaluating the readability of patient education resources. [1] [2] [3] [4] [23] [24] [25] [26] [27] [28] [29] Understanding and proper utilization of these resources may require a level beyond the recommended fourth to sixth grade reading level. 3, 4 This would leave patients at lower reading levels at a disadvantage. 14, [17] [18] [19] However, a variety of instruments have been developed to further evaluate the quality of the information on the Internet. One such tool is the LIDA instrument that analyzes the accessibility, usability, and reliability of a website. 11 The aim for any online resource is to be accessible, comprehensible, navigable, dependable, and unbiased. 33 The LIDA scale, a validation instrument for health care websites, is a 41-question instrument used to provide an assessment of any health care website (http://www.min er vation.com/wp-content/uploads/2011/04/Minervation-LIDA-instrument-v1-2.pdf). Since the tool's development in 2007, at least 13 publications have used it (along with other tools) to evaluate a variety of health care websites. 15 Furthermore, the creators of the LIDA scale have provided some formal testing on the tool's internal validity. Forty major websites about prostate cancer were selected and analyzed utilizing the LIDA scale. The correlation between each grader's rank order was noted to be statistically significant (p < 0.00001). 32 To date, the LIDA tool has not been formally compared with other routinely used measures of health website quality, such as the Flesch Reading Ease (FRE) score, and thus it is difficult to judge the external validity of the quality measurement. However, multiple studies have demonstrated a correlation between LIDA and FRE scores. 5, 22 Previous studies have demonstrated that the FRE scores for neurosurgical patient education resources have been low, corresponding to increased difficulty of reading and perhaps lower quality. 1, 2, 4 This study evaluates the websites of the American Association of Neurological Surgeons (AANS), the University of Pittsburgh Medical Center (UPMC; Healthwise Inc.), and the National Institute of Neurological Disorders and Stroke (NINDS), focusing on the quality of patient education materials provided with regards to their accessibility, usability, and reliability.
Methods

LIDA Scale
The AANS website provides patient education articles specifically written for the public (http://www.aans.org/). These articles were subsequently compared for their level of accessibility, usability, and reliability using the LIDA scale. This process was also performed for patient education materials from UPMC (http://www.upmc.com/Pages/ default.aspx), which are provided by Healthwise Incorporated, and NINDS (http://www.ninds.nih.gov/). The LIDA instrument automatically provides results for accessibility and obtains results for utility and reliability using a series of questions that an evaluator answers. Each category is scored on a scale of 0-3, where 0 = never, 1 = sometimes, 2 = mostly, 3 = always. LIDA scores were ranked as high if they were > 90%, moderate if they were between 50% and 90%, and low if they were < 50%.
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Accessibility is defined by a set of legal guidelines provided by the World Wide Web Consortium on requirements and suggestions for how to maximize accessibility of a web page to provide those with disabilities an equal opportunity to use the Internet. 13 Full text should be able to be accessed without registration or a fee and the web page should be compatible with all commonly used web browsers, such as Firefox and Google Chrome. The information should also be available without outdated HTML codes. This information was automatically assessed by the online LIDA assessment tool (http://www.minervation. com/lida-tool/). The maximum possible score was 60.
Usability of the website evaluates how easy the website is to follow and whether users can find the information they need. Criteria assessed in this category include clarity, consistency, functionality, and the ability to engage. The maximum possible score was 54.
The LIDA instrument also measures the reliability of patient education resources. The measures assessed included currency of the material, conflicts of interest, and content production. The maximum possible score was 27.
Utilizing the LIDA scale, the AANS website was evaluated independently by 5 independent medical professionals and 5 nonmedical professionals from various areas of the country in September 2015. Subjects were included in the medical professional group if they had received any medical training, and included physicians and medical students. Nonmedical professionals included people who did not have a medical degree, were not in medical school, and did not work in the health care industry. One-way ANOVA testing was used to assess for similarity between AANS, Healthwise, and NINDS usability and reliability scores. Usability and reliability scores were averaged, and a 2-tailed Student t-test was used for comparison of the mean scores between the 2 cohorts of subjects. Accessibility scores were generated automatically by the LIDA tool with no input from subjects and thus were not subjected to statistical analysis.
Results
The LIDA scale determined that the AANS, Healthwise, and NINDS websites had accessibility, usability, and reliability scores classified as moderate (50%-90%) when assessed by both medically and nonmedically oriented subjects (Tables 1 and 2 ).
Accessibility
With regards to accessibility, the AANS (76.7%), Healthwise (83.3%), and NINDS (75.0%) websites were moderate as scored with the LIDA scale. The LIDA instrument automatically scored key points, such as validity of the HTML code, access restrictions (including for those with disabilities), and web page setup, which encompasses the presence of a page title as well as optimal alignment of text and images. However, subject input was required for access level and browser compatibility. All 3 websites do not have a registration requirement or fees for access, which greatly alleviates some of the accessibility burdens for users.
Usability
With regards to usability, all 3 websites were scored as moderate across both cohorts (Tables 1 and 2 ). Medical professionals gave scores of 73.3%, 82.6%, and 82.9%, whereas nonmedical professionals reported scores of 78.5%, 80.7%, and 75.9% for the AANS, Healthwise, and NINDS websites, respectively. No statistically significant differences were observed across the 3 websites via 1-way ANOVA testing in both cohorts (professionals, p = 0.127; nonmedical professionals, p = 0.600). A 2-tailed Student t-test was performed to compare usability scores between the 2 cohorts, and no statistically significant differences were found (p = 0.671; Table 3 ).
Subjects were then asked to provide overall feedback about the 3 websites. Given the large amounts of information initially presented to users of the AANS website, users recommended highlighting the patient education access tab, because the navigation bar at the top was crowded. Subjects felt that the color template used on the website had visual appeal, even for long periods of time. However, the article titles in the initial list of topics were written in a faint green color and thus could be difficult for some to read. Users also noted the lack of graphics and other nontextual media covering patient education materials across all 3 websites. Moreover, readers did not have the ability to differentiate between previously clicked links on the AANS and UPMC websites.
Utilizing the general search box, users observed that an overwhelming number of results were queried. For example, after "brain tumor" is entered, the AANS site yields over 1400 results. However, the website does have an advanced search option where readers are allowed to refine their search based on category, folder, and date of release. This presents the reader with a much more manageable list of related hits that the reader can search for the desired information.
Reliability
With regards to reliability, all 3 websites were scored as moderate with the LIDA scale by both cohorts (Tables 1  and 2 ). Medical professionals gave scores of 58.5%, 53.3%, and 72.6%, whereas nonmedical professionals reported scores of 70.4%, 66.7%, and 78.5% for AANS, Healthwise, and NINDS websites, respectively. No statistically significant differences were observed for reliability across the 3 websites when analyzed with 1-way ANOVA testing in both cohorts (professionals, p = 0.343; nonmedical professionals, p = 0.356). Furthermore, a 2-tailed Student t-test was used to compare reliability scores between the 2 cohorts, and no statistically significant differences were found (p = 0.115; Table 3 ).
Reliability was evaluated based on the coverage of recent events on the website as well as the presence of a user comment section. There is a clear section on the AANS page dedicated to recent events on the home page that is even further subdivided into patient news, AANS news, and general clinical news. While this helped increase its reliability score, the lack of a user feedback section detracted from the score. Additionally, users generally appreciated that all 3 websites had links for additional resources. For instance, the NINDS page on "Back Pain" provides links to the American Chronic Pain Association as well as a "Low Back Pain Fact Sheet," among others. However, both cohorts of subjects criticized the lack of citations and references for the material and facts provided across all 3 websites. None of the articles cite references, which reduces the reliability of the information provided because the information cannot be checked against the original sources.
Discussion
Specific surgical subspecialties, such as neurological surgery, are fields that patients typically have limited personal experience with. By reviewing information on specific conditions, a patient is able to quickly access a wealth of information that will provide the dual benefit of assuaging their fears while also providing them context. In turn, this may lead to increased patient satisfaction and improved access to various care options.
The Internet has become the single largest and most extensively used information source. Up to 80% of the population uses the Internet regularly and more than half the population with Internet access seek information related to health care at least once a month. 9, 20 Although free access to online material has empowered the public with the ability to obtain a great amount of medical information, there are few restrictions and guidelines overseeing the quality of the information. 10 Users searching for health care information online could be at a high risk of finding unreliable information as well as information that is inadequate and inappropriate regarding the topic of interest.
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As such, lower-quality resources may negatively influence health care-related decisions. Thus, the issue is not one of quantity but of quality.
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Alternative Methods of Quality Assessment
Accessibility, usability, and reliability are 3 domains of interest that have been routinely used to measure the quality of a health website. Examples of other scales evaluating these domains include the Systems Usability Scale (SUS), 6 the Questionnaire for User Interaction Satisfaction (QUIS), 30 and DISCERN, an instrument to help consumers judge the quality of available health information about treatment choices. 6, 7 The SUS and DISCERN questionnaires can be used to assess usability, while the QUIS is a 27-question survey that may be used to evaluate reliability. However, the LIDA scale offers a potential evaluator the ability to the measure accessibility, usability, and reliability, and, as such, was chosen as the primary assessment tool for this study.
Additionally, the Patient Education Materials Assessment Tool (PEMAT), developed by the Agency for Healthcare Research and Quality, is another systematic method to evaluate and compare the "understandability" and "actionability" of patient education materials. The PEMAT may be used only for audiovisual or printable materials. While the PEMAT cannot be used to evaluate podcasts or the usability of websites, it may be a very valuable tool when used in conjunction with the LIDA tool.
Future Directions and Limitations
Currently, most medical societies have their own website with a section dedicated to patient education. However, it may be beneficial to create one uniform method to present patient education resources that is accessible, useful, and reliable. Herein, the different authors and societies could be mandated to follow a structured format or be overseen by a single authority that helps to maintain consistency across the materials. Additionally, this information may be further validated (for example) by the Health on the Net (HON) code, which is a certification system of 8 standards governing authorship, complementarity, confidentiality, attribution, justifiability, transparency, financial disclosure, and advertising. The HON code was created by the HON Foundation, a nongovernmental organization recognized for its work in the field of health information ethics.
In terms of the overall appearance of the neurosurgical websites, they are presented in a relatively organized and appealing manner but a few areas have the potential for improvement. The articles, in addition to text, could be enriched with other types of learning media, such as images and videos. These, combined with the text, could act as supplements to the more difficult topics covered on the site. A benefit of using multimedia instruction, such as video, is the increased ability of the user to understand and retain the material. 34 Moreover, for those who struggle with reading, video tutorials would offer an alternative method to receive the same information. Additional features for patients with visual disabilities are suggested. For instance, frequently websites have larger font options to aid those with impaired vision and black and white formatting for the colorblind. This point is emphasized with respect to the light green color scheme used for the hyperlinks on the AANS website. Moreover, it may be beneficial to have links change to another color after being visited, so the reader can keep track of what has been read and what is yet to be explored.
With regard to reliability, the use of regular citations throughout patient education materials should be considered. This was a common criticism across both cohorts of subjects. Directing a medically illiterate audience to the primary research may seem paradoxical due to the complexity of medical literature. However, the added benefit of listing the original sources is increased transparency of the website's content production, which increases the information's reputability. Citing the primary research further empowers patients, because it provides avenues for credible and factual medical information, which they can discuss in the appropriate amount of detail with their physician. By withholding citations to credible sources, the medical community only limits patients and leaves them vulnerable to unreliable and nonfactual sources of information, which can impair their decision making. Providing original literature may also benefit patients with a higher level of education who may be able to understand complex information but simply lack the insight or patience to conduct a focused literature review.
Of interest is the lack of significant differences in reliability scores between the 2 cohorts of subjects (Table 3) . One might assume that medical professionals would find the resources in this study less reliable than nonmedical professionals would due to the overly simplistic language used throughout. Similarity between the scores of medical professionals and nonmedical professionals could be a consequence of the LIDA survey's robustness and objectivity. However, this study ultimately has limitations, with the most evident being the modest sample size of evaluators. Having more individuals analyze the website would increase the statistical significance of our results and limit bias that might influence the individual analysis. Still, the potential website revisions advocated for by the study have the potential to greatly improve a user's experience and access to the public education material.
Conclusions
With the continual evolution of the Internet, guidelines and regulation of the information must be set to prevent the distribution of false information that can potentially do harm to the reader. The Plain Writing Act of 2010 requires that federal agencies use "clear Government communication that the public can understand and use." In conjunction, the Plain Language Action and Information Network serves as a community of federal employees dedicated to the idea that citizens deserve clear communications from government. Similar guidelines and agencies need to be developed and applied specifically for the field of health care. Many health care-related answers are sought out via the Internet to alleviate some of the anxiety and curiosity that patients may have before or after meeting with their physician. With this analysis, it is clear that the neurosurgical websites in this study provide information of a high level of quality that is accessible, usable, and reliable; however, there are areas that if improved would likely further benefit those who visit the websites. Further evaluation with additional user feedback is recommended.
